The effect of production conditions of wood powder on the bending properties of wood powder molding material was investigated. Wood powder was produced by milling wood into powder under conditions of different temperatures (25
Introduction
Considering the problem of exhaustion of natural resources and the environmental problem such as global warming, wood material is promising as alternate material for plastic made from oil. Because a wood grows up while fixating CO 2 , which is greenhouse gas by photosynthesis, it is thought natural resources that can be used continuously.
Then, we started to develop processing technology of wood powder molding material that preserves characteristics of biodegradability etc. that wood possesses. Me-chanical and physical properties of hot pressed molding material were investigated, the possibility of the molding material as alternate material for plastic was confirmed.
When the wood powder molding material is used for chassis of electrical appliances, it is necessary to make it possible to produce the molding material to which arbitrary three-dimensional shape is given. We focused attention on injection molding process as the production method. Injection molding process is widely used to produce plastic. In injection molding, melted plastic is forced in to a mold cavity, and then once the plastic has cooled, the part can be ejected. It is important that wood powder flow is enough for wood powder injection molding. It is probable that the fluidity of wood powder is influenced by some factors, such as shape, size and hardness of wood particle, and friction of the wood particles, and the lubricant that reduces it. As a basic investigation for wood powder injection molding, we tried to mold only wood powder in an atmosphere of steam by the method shown in Fig. 1 , and were able to obtain the molding material of complex shape shown in Fig. 2 (1) . However, because the In the molding process, the self-bonding ability of wood caused by suitable hydrothermal treatment is very important. In addition, because lignin, which is one of the main composition elements of wood is deeply related to the self-bonding of wood (2) , it is thought that effective use of lignin leads to the improvement of strength properties of the molding material. A cell of wood has very long and slender spindle shape, and in case of softwood, the diameter is about 50 µm. Lignin exists abundantly between the cells, and softens at about 80
• C if water was contained enough, so when wood breakdown happens in hot water, the selective delamination fracture in an intercellular layer is caused easily (3) . Therefore, it is likely that the milling wood in the state of high temperature and high moisture content causes exposure of lignin to the surface of wood particle. Then the above-mentioned self-bonding ability appears more strongly, and the improvement effect to the strength properties of the molding material is expected. Moreover, the change in the shape of the wood particle is expected to take place by milling with the selective delamination fracture in an intercellular layer, and it is probable that the strength properties of the molding material receive some influence.
In this study, we produced wood powder under various conditions of temperature and moisture content, and investigated the relation between the production condition of wood powder and the strength properties of molding material of the wood powder.
Experimental Methods

1 Production of wood powder
The wood material used was air-dried Japanese cedar (Cryptomeria japonica D.Don). The material was cut into thin fragments of about 3 mm in the longitudinal direction, and the fragments were made at a temperature of 25
• C or 100
• C and at a moisture content (MC) of 0% or about 30% (fiber saturation point). The fragments made at each temperature and MC were milled into powder by a mill. Table 1 shows the list of the production condition of wood powder. Then, the powder was classified in the air-dry state by the sieve method.
2 Molding procedure and method of bending test
The procedure of making specimens for strength test was similar to that shown in Fig. 1 . The wood powder of 1.5 g was put in a mold of 30 mm in the inside diameter, and steam treatment was applied for 30 min. Then, the wood powder was pressed for 5 min, and a stick specimen with circular section (3 mm in the section diameter and 30 mm in length) was molded. The steam temperature was 175
• C, the steam pressure was 900 kPa, and molding pressure was 139 MPa. Adhesives, such as a synthetic resin, were not used. Bending tests on the stick specimens by center concentrated load were conducted and the modulus of elasticity and the bending strength were examined. Figure 3 shows one example of mass base distribution of the obtained wood powder. It is the distribution of the wood powder produced under condition A (25
Results and Discussion
1 Properties of wood powder
• C and 0%MC). A peak of the distribution was in the particle size division of 53 -90 µm, and wood powder produced under the other condition showed the same tendency. Figure 4 shows the scanning electron microscopy (SEM) photographs of the wood particles produced under each condition of temperature and MC. Those photographs show the particles of 150 -180 µm in particle diameter. Because wood is strongly orthotropic material, in all the production conditions, most of the particles were slender and the aspect ratios were large. Figure 5 shows the aspect ratios obtained from SEM photographs. About 250 particles of each wood powder were examined. The Fig. 3 Mass base distribution of wood particle. Note: Wood powder was produced under the condition A (See Table 1 ).
aspect ratio of wood particles of each powder was greatly different according to the difference of the production condition, for instance, the maximum value was 7.2 (in the case of condition D, 100
• C and about 30%MC), and the minimum one was 3.9 (in the case of condition B, 100 • C Fig Table 1 ). Table 1) and 0%MC). Figure 6 shows the SEM photographs of the surface of a wood particle. In the upper photograph, the wood particle produced under condition A (25 • C and 0%MC) is shown, and, on the other hand, the lower one shows the wood particle produced under condition D (100 • C and Table 1) about 30%MC). While fractures of cell wall were seen mostly in the former case, a lot of delamination fractures in an intercellular layer were caused in the latter case. It is clear that the temperature and the MC when wood powder was produced influenced the surface properties of wood particle. And in the latter case, it is possibly that lignin has been exposed on the surface of the wood particle. Figure 7 shows the influences of the production condition of wood powder on the bulk density and the bending properties of wood powder molding material. The case of wood particle of 150 -180 µm of particle diameter is shown here as an example. The influence of the production condition on the bulk density was small, and that of each molding material was about 1.1. Considering the specific density of wood substance is about 1.5, it is probable that voids that cause strength reduction exist considerably in the molding material.
2 Bending properties of molding material
However, for the bending properties of molding ma-terial, the influences of the production condition of wood powder were confirmed obviously. The molding material of the wood powder produced under condition D (100 • C and about 30%MC) indicated the maximum values of both the modulus of elasticity and bending strength. From these results, it was clarified to be able to improve the strength properties of molding material only from wood powder by grind wood in the state of high temperature and high moisture content when wood powder is produced. It is probable that the improvement of strength property was caused by the major two factors. One is the improvement of the self-bonding ability of wood powder by exposure of an intercellular layer that contains a lot of lignin to the surface of the wood particle. Another is an effect of reinforcement of the wood particle with a large aspect ratio. More precise investigations will be necessary in the future to clarify how those factors contribute to the improvement of strength property.
Conclusions
The influence of production conditions of wood powder on the bending properties of wood powder molding material was investigated. Wood powder was produced by milling wood into powder under conditions of different temperatures and moisture contents. Molding materials were produced from wood powder in steam atmosphere using self-bonding ability of the wood powder. The bending properties of the molding materials were examined with a static three-point bending test. The results are concluded as follows:
( 1 ) The difference of wood particle in the surface properties and in the aspect ratio was caused by milling wood under different condition of temperature and moisture content. Especially, as to the wood particle of diameter 150 -180 µm, in case of wood particle produced by milling wood under condition of high temperature and high moisture content (100
• C and about 30%MC), an intercellular layer was exposed on surface of particle, and aspect ratio of particles was large.
( 2 ) The molding material of wood powder produced under condition of high temperature and high moisture content (100
• C and about 30%MC) showed the highest value in modulus of elasticity and bending strength. It is probable that the improvement of the self-bonding ability of wood powder and the increase of aspect ratio of wood particle take part in the improvement of strength properties of molding material.
